Background: We wished to compare the efficacy of ultrasound versus intravenous contrast-enhanced computed tomography (CT) for detecting recurrent renal cell carcinoma (RCC) by identifying patients presenting with such tumor burden and to evaluate the utility of these imaging modalities in these circumstances. Methods: Patients who developed local and/or distant recurrences following surgical intervention for RCC were identified. The imaging regimen utilized during post-operative surveillance was analyzed to determine whether recurrent disease was identifiable on ultrasound or CT or both. Results: Of the 22 patients with recurrent RCC, 16 had previously undergone radical nephrectomy and 6 had undergone partial nephrectomy. Median duration to RCC recurrence was 28.5 months (range 2-66 months). Fourteen patients (64%) underwent ultrasound during their follow-up surveillance protocol and 1 case of disease recurrence was detected by ultrasound before subsequent confirmation with CT. All 22 patients underwent CT as a routine component of their follow-up surveillance protocol and all recurrences were detected by this modality. Six patients had recurrence in their ipsilateral kidney after partial nephrectomy -five had undergone ultrasound in their surveillance protocol and this modality failed to detect a recurrence in
Introduction
Renal cell carcinoma (RCC) accounts for 2-3% of all adult malignancies and its incidence is steadily increasing. Approximately 20% of patients who undergo surgery for localized RCC may develop local and/or distant recurrences [1] . Low volume tumor recurrences may be amenable to salvage local and systemic therapies. Early diagnosis of recurrent RCC is important as 5-year survival for untreated metastatic RCC ranges from just 2.7 to 9% [2, 3] . As approximately 50% of RCC recurrences occur within 2 years post-operatively, a clear rationale exists for optimizing post-operative surveillance strategies [1, [4] [5] [6] . Additionally, this is of importance for early detection of metachronous renal tumors in those patients with papillary or familial RCC [7] .
Currently, there is no evidence-based standard for the follow-up of patients with RCC. Specifically, no consensus has been reached on surveillance guidelines after radical (RN) or partial nephrectomy (PN) for RCC.
four of these patients. Conclusion: Ultrasound is inferior to CT for detecting recurrent RCC. CT should be recognized as the standard diagnostic modality during post-operative surveillance, in contradiction to what is recommended in many guidelines.
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The European Association of Urology (EAU), American Urological Association (AUA), National Comprehensive Cancer Network (NCCN) and Canadian Urological Association (CUA) all propose different risk-adapted approaches (table 1) [8] [9] [10] [11] . Notably, all of these follow-up guidelines include surveillance with ultrasound and intravenous contrast-enhanced computed tomography (CT) in their recommended protocols. Advantages associated with ultrasound are absence of radiation and low cost. Disadvantages, however, include operator-dependency and suboptimal imaging, particularly in obese patients. No comparative studies have been undertaken to determine whether CT is superior to ultrasound for detecting recurrent RCC. In the present study, we aim to compare both modalities for detecting recurrent RCC.
Materials and Methods
All patients who underwent surgical intervention for RCC between January 2009 and May 2017 and who subsequently developed local and/or distant recurrences were identified from our hospital database. Recorded data included patient demographics, date of surgery, type of surgery (RN vs. PN), histological grade and subtype, tumor stage and margin status. In addition, the date and site(s) of disease recurrence as defined by a diagnosis on an imaging modality (ultrasound or CT) were also recorded. Specifically, the imaging regimen utilized during post-operative surveillance was analyzed to determine whether recurrent disease was diagnosed on CT or ultrasound or both. The choice of imaging was made by the individual Consultant or Fellow or Registrar who reviewed the patient during their follow-up.
Results

Patient Demographics
Twenty-two patients developed recurrent RCC after planned curative surgical intervention, of whom 15 were male. Median age at initial surgery was 65.5 years (range 40-84 years). Sixteen RNs and 6 PNs were initially performed. Histopathologic outcomes are detailed in tables 2 • Ultrasound, CT or MRI annually for 3 years in low risk patients post PN if initial post-operative scan is negative.
• After initial post-operative CT or MRI, for moderate to high risk patients, an ultrasound, chest X-ray, CT or MRI every 6/12 for at least 3 years and annually thereafter to year five.
• Ultrasound, chest X-ray, CT or MRI beyond 5 years may be performed at the discretion of the clinician for moderate to high risk patients. For Stage 2 or 3 patients after RN, CT or MRI or ultrasound every 3-6/12 for at least 3 years and then annually up to 5 years. For pT2 patients, CT or ultrasound at 12/12, 36/12 and 60/12. , papillary (n = 2), acquired cystic (n = 1) and mixed clear cell/papillary (n = 1). Fifteen tumors were ≥ Fuhrman Grade 3 and 7 were Fuhrman Grade 2. Eleven of 16 RNs where recurrence was later identified had negative surgical margins; one of the 6 PNs had a positive margin. Ten tumors were ≤ pT2 and 12 were pT3.
Recurrent RCC
Median duration to RCC recurrence was 28.5 months (range 2-66 months) (table 3). Fourteen patients (64%) underwent ultrasound during their follow-up surveillance protocol and 1 case of disease recurrence was detected by ultrasound before subsequent confirmation with CT. All 22 patients underwent CT as part of their follow-up surveillance protocol and all recurrences were detected by this modality. The median interval from the most recent ultrasound to the index, diagnostic CT for recurrent RCC was 6 months (range 1-22 months). Sites of recurrent RCC and patient specific follow-up protocols with ultrasound and/or CT are demonstrated in table 4. Sites for recurrent RCC included the ipsilateral kidney, lung, retroperitoneum, bone, adrenal gland, spleen, bladder, iliac lymph nodes, pancreas, inferior vena cava, liver, vulva and subcutaneous tissue (table 4). Of the 6 patients who had recurrence in their ipsilateral kidney after PN, five had undergone ultrasound in their surveillance protocol and this modality failed to detect a recurrence in four of these patients.
Discussion
Prompt diagnosis of local and contralateral kidney recurrence is crucial since the most effective treatment is surgical resection [12] [13] [14] . Patients who undergo surgery when local recurrences become symptomatic have a higher rate of incomplete resection of recurrence, positive surgical margins and poorer survival [15] . The 5-year survival after surgery for RCC-related solitary or multiple lung metastases ranges from 24 to 60% with greater survival rates found in patients where complete surgical resection of the metastatic burden is achieved [16] [17] [18] [19] . Similarly, Thomas et al. [20] noted that recurrence size is an independent predictor for RCC-specific death when 
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Quinlan/Wei/Davis/Poyet/Perera/Bolton/ Lawrentschuk treated surgically. These findings emphasize the critical importance of reliable surveillance imaging as early detection of recurrent RCC potentiates a greater array of management options for patients. Furthermore, with the advent of targeted therapy, immune checkpoint inhibitors and the development of mini-invasive ablative therapy, along with improved surgical technology, treatment options for recurrent RCC are evolving. With this evolution, however, comes the need for accurate surveillance and early detection of recurrent lesions. As the purpose of post-operative surveillance must be the detection of curable recurrence, recommendations should consider the most appropriate imaging modalities as well as the optimal duration of surveillance [21] .
RCC recurrences can develop in low-risk RCC patients with recurrence rates ranging 0-7% in pT1 tumors and 5.3-26.5% in pT2 tumors patients; recurrence rates for Fuhrman Grade 1 tumors are approximately 9% and up to 61% for Fuhrman Grade 2 tumors [22] [23] [24] [25] [26] [27] [28] [29] . In our study, all 5 recurrences for pT1 tumors were after PNs and in the same kidney. Four of these patients had ultrasound in their follow-up schedules -in 3 cases, ultrasound failed to identify a tumor recurrence. Interestingly, only one of these 5 patients had a positive surgical margin -this finding emphasizes that recurrences are not uncommon even in those least expected to have such, highlighting the importance of sensitive imaging.
AUA and NCCN guidelines will not detect approximately one-third of all recurrences when strictly followed [30] . One review of 3,651 patients treated with surgery for RCC noted that the current NCCN and AUA guidelines do not detect 60% of recurrences of pT1 disease [30] . Notably, ultrasound is included in both follow-up schedules (table 1). Stratification criteria for "low risk", "intermediate risk" and "high risk" categories for RCC follow-up purposes vary among consensus guidelines. Traditionally, it has appeared reasonable to classify Fuhrman Grade ≤ 2 and pT ≤ 2 as either 'low' or 'intermediate' risk and both categories include surveillance ultrasound among consensus guidelines. In our study, 7 patients with recurrent RCC had Fuhrman Grade 2 disease and 10 patients had pT ≤ 2 disease on histopathology. Worryingly, the CAU advise that ultrasound is sufficient in pT1 and pT2 disease for detecting abdominal recurrences and suggest that annual follow-up is sufficient after 12 months post-operatively [11] . It is interesting to note that in our cohort, the median time between the last ultrasound and the index CT which ultimately diagnosed disease recurrence was just 6 months, confirming that patients were imaged on a very timely basis.
At present, there are no available serum or urine biomarkers for detecting recurrent RCC and imaging remains the gold standard diagnostic modality. About 50-60% of recurrences occur in the lungs and it has been demonstrated that chest X-ray has a low diagnostic yield for surveillance after nephrectomy for pT1-3N0M0 RCC [31] . Though the main focus of our study was on the diagnostic role of ultrasound in follow-up protocols rather than chest X-ray, it's informative to note that there were 9 patients in our cohort with lung metastases -seven of these also had concomitant intra-abdominal metastases. While ultrasound would not be expected to pick up lung metastases, its role is to detect findings in the abdomen which seemingly coexist very frequently. In our study, 4 of these 7 patients did have abdominal ultrasound surveillance and no recurrences were diagnosed by this modality. This raises concerns about the popular combination of ultrasound and chest X-ray in RCC follow-up. Likewise, ultrasound will not be useful for identifying suspected metastatic disease in the brain, head and neck and so CT (or MRI) should always be used in such instances.
There is a lack of data on the performance of ultrasound for detecting abnormal lesions in the adrenal glands, spleen and retroperitoneal lymph nodes. One study demonstrated that normal adrenal glands can be visualized by ultrasound in 80% of cases; however difficulties frequently occur as the echogenicity of adrenal tissue is similar to retroperitoneal fat [32] . Other confounding factors with ultrasound are the acoustic window, quality of equipment and examiner experience. Regarding the detection of lymph nodes, ultrasound has recently been shown to have low sensitivity in assessing the retroperitoneal compartment in a large study of metastatic ovarian cancer [33] . Similarly, it has been reported that ultrasound will fail to identify one third of splenic metastases [34] .
In the present study, 6 patients had recurrence in the ipsilateral kidney after undergoing PN of whom five underwent ultrasound during surveillance. Ultrasound failed to detect a recurrence in 4 cases. The median duration from ultrasound to the index, diagnostic CT for recurrent RCC in this specific cohort of patients was 3 months (data not shown). This short time interval undoubtedly questions the capacity of ultrasound to discriminate between normal post-operative surgical findings and tumor recurrence in PN patients. Mouracade et al. [21] found that abdominal ultrasound detected 3.4% of abdominal recurrences in asymptomatic patients after PN. They concluded by suggesting that abdominal ultraCurr Urol 2019;13: [19] [20] [21] [22] [23] [24] Is Ultrasound Reliable in Detection of RCC Recurrence? 23 sound has low utility for detecting recurrent RCC and should have limited use for surveillance after PN. Recurrence after PN is thankfully rare, but early diagnosis is useful as the most effective treatment remains surgery [14, 35] . Interestingly, thermoablative techniques are also increasingly used as curative therapies for clinical T1 RCC [36] . Local recurrences after thermoablation are relatively common and can be re-treated with thermoablative techniques [36, 37] . Given the disappointing performance of ultrasound following PN, we also question whether ultrasound should be included in surveillance strategies post-thermoablation.
The main finding of the present study is that ultrasound is severely limited for detecting recurrent RCC and that ultrasound seems to perform especially poorly in PN patients. We believe that CT should be the imaging of choice, except, of course, when it is contra-indicated (e.g. pregnancy, contrast allergy, chronic kidney disease). Concerns regarding radiation exposure in this setting are merited. However, it must be remembered that this factor only encompasses one aspect of the decisionmaking process for surveillance after surgery for RCC. As clinicians, it is incumbent upon us to balance patient concerns and medicolegal implications regarding failure to promptly detect recurrent RCC versus the risk of excessive radiation exposure.
Our study has limitations in that it is retrospective of a relatively small patient cohort, though we are unaware of any similar study with a bigger cohort. Secondly, not all patients in our study underwent ultrasound during surveillance as protocols were tailored to be patient specific. Thirdly, patients undergoing both ultrasound and CT follow-up had a median duration of 6 months between their last ultrasound and diagnostic/confirmatory CT for recurrent RCC. It is feasible, although highly unlikely, that recurrences developed in this intervening period and that ultrasound in fact did not "miss" these lesions. In future, a prospective, blinded study is required with patients undergoing simultaneous ultrasound and CT during every surveillance timepoint to definitively compare both imaging modalities for detecting disease recurrence.
In conclusion, recurrent RCC is associated with significant mortality and thus accurate follow-up imaging is vital for prompt diagnosis of local or distant recurrences as early diagnosis facilitates a greater array of treatment options. Our study demonstrates that ultrasound is inferior for detecting recurrent RCC and that CT should now be considered as the standard diagnostic modality during follow-up. 
